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Recently, the CMS and ATLAS collaborations have reported a diphoton peak at 750 GeV in the RunII of
LHC at 13 TeV. We assume that the heavy fourth generation quark doublet z, y with 380 GeV mass, and the
width of z, t is much less b quark. Then we show that the contributions of the (zz¯ + y y¯)/
p
2 bound state
ηzy (1S) to the diphoton measurements through σ(pp → ηzy (1s)→ γγ) are 5.6+5.6−2.8 fb at
p
S = 13 TeV. They
are constant with the 750 GeV diphoton excess measured by the CMS ant ATLAS collaborations.
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INTRODUCTION
Recently, the CMS and ATLAS collaborations have re-
ported a diphoton excess at 750 GeV with width 45 GeV in
the RunII of LHC at 13 TeV:
σ(pp→γγ)≈
{
(6±3)fb CMS [1]
(10±3)fb ATLAS [2]. (1)
A lot of studies have been done here [3–46] . We study
the possibility that it is a bound states of the fourth gen-
eration quark and anti-quark here. The fourth generation
quarks and leptons were proposed about 30 years ago [47].
In another hand, the branching fraction Br (H → τµ) =
(0.84+0.39−0.37)%measured byCMS collaboration [48]may be in-
dicate the fourth generation neutrino here.
In this letter, we assume that, the heavy fourth gen-
erate quark z, y with 380 GeV mass and charge ez =
2/3, ey = −1/3, and the modified CKM matrix elements
|Vzq | ∼ |Vyq ′ | ≪ 1 for q = d , s, b and q ′ = u, c, t . Then
the width of z, y quark is much less b quark, it will form
the bound state such as zu¯ or zd¯ , which is long life parti-
cle and do not decay in the detector. Then the bound state
(zz¯ + y y¯)/
p
2 quarkonium states ηzy (1S) will be first parti-
cle with fourth generation quark component which may be
measured at LHC. The fourth generation quark had been
searched by the CMS collaboration at
p
S = 8 TeV, and the
lower limit lies between 687 and 782 GeV for all possible val-
ues of the branching fractions into the three different final
states assuming strong production [49]. So we require the
width of z, y quark ismuch less b quark and it will not decay
in the detectors. The bound states of fourth generate quark
have been studied in Ref. [50–52] In the next section, the de-
cay of ηzy (1s) is presented, and the production is followed.
Finally, a summary is given.
DECAY
First, we study the decay mode of ηzy (1s) states. The
diphoton and digluon decay widths have been studied to
higher order [53–56], and the leading order (LO) results are
given here,
Γ(ηzy → g g ) =
16αs (mz )
2|Rs (0)|2
3m2ηzy
,
Γ(ηzy → γγ) =
6α(mz )
2(e2z +e2y )2|Rs (0)|2
m2ηzy
= 50α(mz )
2|Rs (0)|2
27m2ηzy
,
Γ(ηzy → g g )
Γ(ηzy → γγ)
= 72αs (mz )
2
25α(mz )2
∼ 4×102, (2)
where the |Rs (0)| is the radial wave functions of ηzy at origin.
And thewidth of electroweak decaymode of pure ηzy can be
given as,
Γ(ηzy →HH) = Γ(ηzy →Hγ)= 0,
Γ(ηzy → f f¯ )
Γ(ηzy →γγ)
= 0,
Γ(ηzy →W +W −)
Γ(ηzy → γγ)
∼ 2,
Γ(ηzy → Z Z )
Γ(ηzy →γγ)
∼ 3,
Γ(ηzy → Zγ)
Γ(ηzy → γγ)
∼ = 0.5. (3)
We ignore the O (m2H/m
2
z ), O(m
2
Z /m
2
z ), O(m
2
W /m
2
z ), and
O(m2
f
/m2z ) here. The HZ and t t¯ widths of ηz are enhance
bym4z/m
4
Z andm
2
zm
2
t /m
4
Z respectively,
Γ(ηz →HZ )
Γ(ηz →γγ)
= 81m
4
z
256C2wS
2
wm
4
Z
∼ 3×103,
Γ(ηz → t t¯)
Γ(ηz →γγ)
= 243m
2
zm
2
t
512C2wS
2
wm
4
Z
∼ 1×103. (4)
The HZ decay model of ηz is dominant, which is consis-
tent with Ref. [50]. But if we consider the electroweak de-
cay mode of ηzy (
zz¯+y y¯p
2
), we can get Γ(ηzy → f f¯ ) = Γ(ηzy →
2HZ ) = 0, which is canceled between zz¯ and y y¯ . The ratios
of
Γ(ηz→VV )
Γ(ηz→γγ) are given here,
Γ(ηz →W +W −)
Γ(ηz →γγ)
∼ 81
128S4w
(
1+m2y /m2z
)2 ∼ 3,
Γ(ηz → Z Z )
Γ(ηz →γγ)
∼
(
32S2w −24S2w +9
)2
1024C4w S
4
w
∼ 0.8,
Γ(ηz → Zγ)
Γ(ηz →γγ)
∼
(
8S2w −3
)2
32C2wS
2
w
∼ 0.2. (5)
The electroweak decay width is much less then the strong
decay width, and Γtot (ηzy (1s))∼ Γ(ηzy (1s)→ g g ).
The radial wave functions at origin |Rs (0)| can be given
through the Schrodinger equation with static potential. The
gluon exchange potential had been calculated to two loop
result [57–59], three loop [60, 61]. We use one loop potential
for S = 0 states [62, 63] here, where the O( α
2
s
mz
) potential is
included [64–69]
Vg luon (r ) = −
4αs
3r
− α
2
s
3pir
(
31
3
− 10
9
n f
)
− 2α
2
s
mzr 2
−4piα
2
s
3m2z
δ(~r )+ 2αs
3m2z r
[
~∇2+ 1
r 2
~r (~r~∇)~∇
]
,
where nl = 5 is the number of light-quark flavors. The pho-
ton exchange potential is
Vphoton (r ) = −
5
18
α
r
, (6)
The Higgs exchange potential had been calculated to one
loop, where the large fermion mass is canceled out and
hence produces no enhancement for the radiative correc-
tions [70, 71]. So that the Higgs exchange potential in the
momentum space is given as [51, 72]:
VHig g s (r ) = −
g 2z e
−mH r
4pir
(
1+ m
2
z
2pi2v2
+ 7m
2
t
16pi2v2
)
, (7)
where gz = mzv ,
g 2z
4pi ∼ 0.2, v = 246 GeV, andmH = 125 GeV.
The relativistic corrections of kinetic energy andHiggs ex-
change potential and the contributions of ghost of W, Z
are [51]
Vrel .(r )=−
(~∇2)2
4m3z
− 1
2v2
δ(~r )
+
m2He
−mH r −m2Z e−mZ r +2m2W e−mW r
16piv2r
. (8)
The first term are the relativistic corrections of kinetic en-
ergy. The total potential is
V (r )=Vg luon(r )+Vphoton (r )+VHig g s(r )+Vrel .(r ) (9)
In the numerical calculation, the strong coupling con-
stant can be determined through αs (mzvz/2) ∼ vz in the
non-relativistic bound states[53], then αs ∼ 0.162. The vari-
ational method is used here, and the test function is select
as the hydrogen atom radial wave functions
R1s(r )= 2×q3/2×e−qr . (10)
Then we get the radial wave functions of ηzy (1S) is
q = 98 GeV
|R1s (0)|2
m2ηzy
= 6.9 GeV3. (11)
If we consider the LO Coulomb potential only,
|R1s (0)|2
m2ηzy
∼
0.1GeV, wihch is consistentwith the result in [50]. If we con-
sider the LO Coulomb and higgs exchange potential only,
our result is consistent with the result in [50, 52]. The other
potential terms absorb the wavefunction to the origin and
enhance q in Eq.(10).
In another hand, αs (mz )∼ 0.092, α(mz )∼ 1/120. We can
get the properties of ηzy (1S) states [53],
E1 = −10 GeV,
Mηzy (1s) = 2mz +E1 = 750 GeV,
Γ(ηzy (1s)→ g g ) = 0.30 GeV,
Γ(ηzy (1s)→γγ) = 0.86 MeV,
Br (ηzy (1s)→γγ) = 2.8×10−3 . (12)
PRODUCTION
The leading order (LO) parton cross section of ηzy (1s) can
be get through [73]:
σˆLO(g g → ηzy (1s)) = σ0M2ηzy (1s)δ(sˆ−M
2
ηzy (1s)
) (13)
and
σ0 =
pi2
8M3
ηzy (1s)
ΓLO(ηzy (1s)→ g g ) (14)
where sˆ is the invariant energy squared of initial states g g .
And the hadronic cross section of ηzy (1s) is
σLO(pp→ ηzy (1s))
= σ0τ
∫1
τ
dx
x
f (x) f (
τ
x
)
=
ΓLO(ηzy (1s)→ g g )
Mηzy (1s)S
pi2
8
∫1
τ
dx
x
f (x) f (
τ
x
), (15)
where τ =M2ηzy (1s)/S, and S is the invariant mass square of
initial proton-proton. Then its contribution to the diphoton
distribution is
σLO(pp→ ηzy (1s)→ γγ)
=
ΓLO(ηzy (1s)→ γγ)
Mηzy (1s)S
pi2
8
∫1
τ
dx
x
f (x) f (
τ
x
), (16)
3Then pi
2
8
∫1
τ
dx
x
f (x) f ( τ
x
) is 2137 for
p
S = 13 TeV [3, 46]. Then
we can get the cross sections at
p
S = 13 TeV,
σ(pp→ ηzy (1s)→ γγ) = 5.6+5.6−2.8 fb. (17)
The relative error bar is estimated as 1+1.0−0.5 from the αs , fac-
torization scale, higher order corrections, and so on. The
higher states ηzy (ns) for n = 2, 3, ... will contribution to
the diphoton distribution, whichmay enlarge themeasured
width of the diphoton excess.
SUMMARY
In summary, we assume that the heavy fourth generation
quark doublet z, y with 380 GeV mass, and the width of z, t
is much less b quark. Then we show that the contributions
of the (zz¯ + y y¯)/
p
2 bound state ηzy (1S) to the diphoton
measurements through σ(pp→ ηzy (1s)→ γγ) are 5.6+5.6−2.8 fb
at
p
S = 13 TeV. They are constant with the 750 GeV dipho-
ton excess measured by the CMS ant ATLAS collaborations.
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